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Abstract
Objectives—(1) To determine the impor-
tance of quadriceps strength, structural
change, and psychological status in terms
of knee pain in the community. (2) To
determine the relative importance of
quadriceps function, structural change,
and psychological status with respect to
disability in subjects with knee pain.
Methods—300 men and women with pain
and 300 controls without pain (aged 40–79)
were seen. Isometric quadriceps strength
(MVC) was measured and muscle activa-
tion was assessed by twitch superimposi-
tion. Disability (Western Ontario
McMaster Osteoarthritis Index
(WOMAC)) and anxiety and depression
were assessed (Hospital Anxiety and De-
pression Index (HAD)). Radiographs were
obtained of the tibiofemoral and patello-
femoral joints and total score for osteo-
phyte, narrowing, and sclerosis calculated
for each knee.
Results—Subjects with knee pain had
lower voluntary quadriceps strength than
those without pain (p<0.005). Quadriceps
activation was also lower (p<0.005), but
did not fully explain the reduction in
strength. When analysed by multiple lo-
gistic regression: quadriceps strength
(odds ratio 18.8, CI 4.8, 74.1 for MVC <10
kgF); depression (odds ratio 2.4, CI 1.0, 5.5
for HAD score>8); and radiographic
change (odds ratio 4.1, CI 1.9, 8.6 for
radiographic score >4) were independ-
ently associated with pain. In those with
knee pain, disability was independently
associated with quadriceps strength (odds
ratio 8.2, CI 1.5, 44.4 for MVC <10 kgF)
and depression (odds ratio 6.2, CI 2.1, 18.0
for HAD score>8); but not with radio-
graphic score.
Conclusions—Quadriceps strength is
strongly associated with knee pain and
disability in the community, even when
activation and psychological factors are
taken into account. This has important
therapeutic implications.
(Ann Rheum Dis 1998;57:588–594)

Osteoarthritis (OA) is a common disease asso-
ciated with significant morbidity.1–3 This is par-
ticularly apparent at the knee joint, one of the
commonest sites to be aVected. As prevalence
of OA increases with age and aging is
associated with decreasing physiological func-
tion, the combination has major health
implications.4 Symptoms cannot, however, be
predicted merely by the degree of structural

damage.5 Although risk factors for structurally
defined OA such as obesity, occupation, and
sex are well established,6–8 the determinants of
pain and disability are less clear.9

Recent attention has focused on the quadri-
ceps mechanism. Quadriceps strength declines
with age,10 11 with some evidence to suggest
subsequent functional impairment.12 The asso-
ciation between strength and knee OA is less
certain. Two small studies on hospital referred
patients suggest there may be a link between
quadriceps weakness and disability13 14 and
there is some evidence for a similar relation in
the community.15 To date such studies have
only assessed voluntary strength. As psycho-
logical factors are associated with pain and dis-
ability in knee OA,16 it is possible that the asso-
ciation between symptoms and knee pain is
confounded by poor voluntary eVort. Incom-
plete muscle activation may also result from
arthrogenous or reflex muscle inhibition.17

This has been reported in acute trauma and
eVusions18 but has not been fully explored in
terms of knee OA or chronic knee pain.19

The aim of this study was to examine the
associations between quadriceps strength and
quadriceps activation with knee pain and
disability in a community derived population.
In addition we wanted to assess the relative
importance of quadriceps strength, radiologi-
cal severity, and psychological status.

Methods
SUBJECTS

A nested case-control design was used with
subjects derived from a postal survey con-
cerned with knee pain. This survey, which has
been described elsewhere,20 was conducted on
4057 men and women aged 40–79, registered
at two general practices in Nottingham. A
response rate of 81.9% was achieved following
a reminder. Knee pain was defined as a “yes”
response to both parts of the question: “Have
you ever had pain in or around the knee on
most days for at least a month? If so, have you
experienced any pain within the last year?” The
suitability of this question as a screen for pres-
ence of pain has been previously examined.20

The prevalence of knee pain was 28.7%.
Subjects with knee pain were randomly se-
lected and contacted by telephone. In view of
an unavoidable delay between sending out the
postal questionnaire and recruiting for this
study, current knee pain was ascertained by the
following question. “Have you had any pain
within the last week?”

Subjects answering “no” were excluded at
this stage. A total of 300 knee pain positive
subjects were recruited together with an equal
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number of subjects without pain. Controls
were matched to cases by sex and by age to
within five years. Controls who had developed
knee pain since the postal survey were
excluded.

All assessments with the exception of
radiography were undertaken at the respective
general practice surgery.

The study was approved by the local ethics
committee.

PAIN AND DISABILITY

Severity of pain was assessed in subjects with
knee pain using the pain section of WOMAC
OA index.21 This contains five questions
concerning severity of pain during various
activities, each scored 0–4. Subjects were asked
to grade level of pain overall rather than sepa-
rately for each knee. Scores were summated to
produce a global pain score from 0–16, with
higher scores indicating more severe pain.

Disability was primarily assessed by the
physical function section of WOMAC.21 This
has 17 questions and scores were summated to
produce a global function score, ranging from
0–68, with higher scores indicating more
disability. Factors associated with disability
were examined separately in the knee pain
positive and negative groups, as knee pain, not
disability, was used for case definition. Where a
categorical assessment was required, disability
was defined as a score higher than the median
value for that group. Additional data on physi-
cal function were derived from the Anglicised
SF-36 Health Status Questionnaire.22 This
contains 10 questions on function, with overall

score ranging from 0–100 where higher scores
indicate “better” function. Levels below the
median were taken to indicate disability.

PSYCHOLOGICAL FACTORS

Anxiety and depression were assessed using the
Hospital Anxiety and Depression Scale
(HAD). Scales for anxiety and depression are
scored from 0–21, with scores of 8 or above
indicating tendency towards anxiety or
depression.23

QUADRICEPS STRENGTH AND ACTIVATION

Quadriceps strength was measured with a
modified Tornvall chair.24 Subjects were seated
with hip and knee flexed to 90° and the pelvis
secured. A strap placed above the right medial
malleolus was attached by means of an
inextensible chain to a strain gauge (± 50 kgF
TKA load cell, Techni Measure, Studley). This
was connected to an A-D converter (TML
model TD-91M, Tokyo Sokki Kenkyujo Co
Ltd, Japan), with the final output read onto a
Xyt chart recorder (BD92, Kipp and Zonen
Delft BD, the Netherlands). After explanation
and demonstration, the highest of three
attempts was taken as the maximum voluntary
contraction (MVC). To measure quadriceps
activation, the technique of twitch superimpo-
sition was used.25 Electrodes were placed on
the anterior thigh, and stimulation achieved
using a high voltage stimulator (DS7-H, Digi-
timer Ltd, Welwyn Garden City). Duration of
stimulation was 50 ms, amplitude was 1A, and
voltage was adjusted to stimulate approxi-
mately 20% of maximum strength. After three
baseline twitches, three further twitches were
applied while the subject was maximally
contracting the quadriceps. After a rest period,
the procedure was repeated. The entire proce-
dure was then performed using the left leg. To
calculate maximal predicted contraction

Table 1 Comparison of demographic details of cases (knee pain positive) and controls (knee pain negative) with the corresponding total population from
postal survey. Means and standard deviations are quoted. Physical functions scores are derived from the SF-36 Health Status Questionnaire

Knee pain positive Knee pain negative

Cases Total population Controls Total population
Men Women Men Women Men Women Men Women

Age 61.4 (10.8) 61.0 (11.2) 56.8 (10.6) 58.5 (11.4) 61.3 (10.8) 60.5 (10.7) 55.3 (10.2) 55.6 (11.0)
Body mass index 27.6 (3.9) 27.6 (5.6) 26.5 (3.7) 27.0 (5.3) 26.2 (3.5) 25.3 (3.8) 25.7 (3.3) 24.8 (3.9)
Physical function score 52.5 (28.2) 52.6 (24.7) 63.4 (31.1) 56.6 (29.6) 76.7 (26.7) 80.2 (20.8) 82.2 (24.9) 81.1 (23.2)

Figure 1 Mean maximum voluntary strength (MVC) and mean predicted strength
(MPC) for right and left quadriceps in cases (subjects with knee pain) and controls
(subjects without knee pain). Error bars denote 95% confidence intervals.
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Figure 2 Percentage of subjects with knee pain by level of
radiographic score (highest score for each subject from right
or left knee). Error bars represent 95% confidence intervals.
n=total number of subjects in each group.
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(MPC), each set of three baseline twitches was
averaged and this value was used to calculate
MPC for each superimposed twitch and corre-
sponding contraction. These six values were
averaged and percentage activation was then
calculated using the original value for maxi-
mum voluntary contraction.26

RADIOGRAPHY

All radiography was standardised and under-
taken at the City Hospital, Nottingham.
Anteroposterior weightbearing views (55 kV,8
mAs, FSD 100 cm) of the tibiofemoral (TF)
joint and skyline views of the patellofemoral
(PF) joint (30° of flexion, 60 kV,10 mAs, FSD
100 cm) were taken. A total of 459 complete
sets of films were obtained. Radiographs were
read blind to knee pain status by one observer
and individual features in each compartment
graded using a standard atlas.27 Osteophyte and

joint space narrowing were graded (0–3) for the
lateral and medial TF compartments and PF
compartment. Sclerosis was graded (0–1) for
the TF joint overall and the PF joint. A total
OA score (0–20) was subsequently calculated
for each knee. In addition, grades for maximum
osteophyte and joint space narrowing (0–3)
were assigned to each subject.

To assess intraobserver variability, 40 sets of
films were read on two occasions one week
apart. Measurement of agreement for each fea-
ture was assessed by calculating an unweighted
ê coeYcient.

STATISTICAL ANALYSIS

All statistical analysis was performed using
SPSS for Windows 6.0 (SPSS Inc). Variables
with left and right data (muscle strength, acti-
vation, radiographic score) were analysed as
the worst value for each subject. Unpaired Stu-
dent t tests were used to compare mean values.
Multivariate analysis of associations with pain
were examined using unmatched logistic re-
gression; odds ratios for pain together with
95% confidence intervals are presented. Sig-
nificant trend tests (p<0.05) based on continu-
ous data are quoted. Continuous variables,
such as muscle strength, activation, and radio-
graphic score were transformed into categories
with one category used as the indicator
variable. This was done to satisfy test assump-
tions and to allow comparison with previously
published data. To examine associations with
severity of pain within the knee pain positive
group, multivariate analysis using linear regres-
sion was performed.

Associations with disability have been deter-
mined separately in knee pain positive and
negative groups. In the knee pain positive
group disability has been examined both as a
categorical variable (defined as a WOMAC
score higher than the median for the group)
and as a continuous variable. In the knee pain
negative group SF-36 physical function (score
lower than the median value for the group) was
used to define disability.

Results
SUBJECTS

A total of 474 subjects with knee pain were
contacted to provide a case population of 300;
a response rate of 63.3%. Of the 174
non-participants, 131 were pain free and 43
were unwilling to participate. A response rate
of 69.4% was achieved in recruitment of
controls; with 107 subjects unwilling to partici-
pate and 25 having knee pain. Table 1 shows
demographic details of the study subjects and
the total population surveyed. The cases were
slightly older than the total knee pain positive
population and had a higher female to male
ratio (1.8:1 v 1.2:1). They were similar with
respect to body mass index but were more
disabled based on SF-36 physical function
scores. The control group were slightly older
than the total knee pain negative group
surveyed but were similar with respect to BMI
and disability. The mean age of the cases was
similar to that of the control group (61.3, SD
10.4 compared with 60.8, SD 11.0).

Figure 3 Prevalence of anxiety and depression (HAD score >8) for men and women with
knee pain (cases) and without knee pain (controls). Errors bars represent 95% confidence
intervals. n=total number of subjects in each group.

60

50

30

40 n = 105

n = 107

n = 191

n = 191

n = 192

n = 106

n = 107

n = 191

20

10

0

Anxiety Depression

Cases
Controls

Fr
eq

u
en

cy
 (

%
)

Male Female Male Female

Table 2 Association of knee pain with anxiety, depression, voluntary quadriceps strength
(MVC), quadriceps activation, and radiographic score. Odds ratios have been calculated
using logistic regression and are adjusted for age, sex, and BMI in addition to the variables
shown. For bilateral variables, the worst value from either limb has been used in analysis

Knee pain
Odds
ratio

95% Confidence
intervalsyes (%) no (%)

Anxiety
HAD score <8 89 (48.4) 95 (51.6) 1
HAD score >8 89 (65.0) 48 (35.0) 1.43 0.85, 2.40

Depression
HAD score <8 139 (47.1) 156 (52.9) 1 *
HAD score >8 90 (61.2) 57 (38.8) 2.36 1.01, 5.54

MVC (kgF)
>40 8 (15.7) 43 (84.3) 1 *
30–40 52 (37.4) 87 (62.6) 1.49 0.56, 3.96
20–30 84 (55.3) 68 (44.7) 3.17 1.22, 8.26
10–20 44 (68.7) 21 (31.3) 7.10 2.43, 20.68
<10 25 (69.4) 11 (30.6) 18.83 4.79, 74.08

Activation (%)
>100 37 (27.0) 100 (73.0) 1 *
91–100 82 (51.3) 78 (48.8) 1.74 0.80, 3.77
71–90 47 (60.3) 31 (39.7) 1.66 0.83, 3.32
<70 47 (70.1) 20 (29.9) 2.27 1.01, 5.08

Radiographic score
0 29 (45.3) 35 (54.7) 1 *
1 34 (37.4) 57 (62.6) 0.77 0.36, 1.65
2–3 56 (43.1) 74 (56.9) 1.26 0.62, 2.54
>4 110 (70.1) 47 (29.9) 4.07 1.93, 8.61

*Denotes a significant trend test (p<0.05).
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PAIN

Quadriceps strength and activation
Figure 1 shows the mean values for quadriceps
strength. Values for right and left legs were
similar. Quadriceps strength was significantly
lower in those with knee pain compared with
controls (right quadriceps: 22.6, 95% CI 21.1,
24.0 versus 30.7, 95%CI 29.2, 32.2; p<0.005).
Activation was also significantly lower in those
with pain (right quadriceps: 77.1, 95%CI 74.0,
80.4 versus 93.5, 95%CI 91.2, 95.9; p<0.005).
By correcting for activation (that is, assuming
100% activation), the diVerence in predicted
strength was less though still statistically
significant (right quadriceps: 30.0, 95%
CI28.3, 31.6 versus 33.3, 95%CI 31.7, 34.8;
p<0.005). For subsequent analysis, MVC data
has been divided into intervals of 10 kgF. One
value for MVC is given for each subject being
the lowest of the two values from right and left
limbs. Some 21.7% of subjects with knee pain
have strengths of less than 10 kgF compared
with 3.7% of controls. Only 14.4% of knee pain
positive subjects have strengths >30 kgF com-
pared with 35% of controls.

Values for quadriceps activation have been
divided into four intervals. As with MVC,
quoted values are the lowest for each subject.
Some 44.9% of subjects with knee pain activate
less than 71% compared with 15.7% of
controls. Ninety subjects had levels of activa-

tion of more than 100%, (8.6% of cases and
22.2% of controls).

Radiographic score
Intraobserver reproducibility was high for all
features (ê > 0.75) with the exception of patel-
lofemoral sclerosis (ê=0.58). Radiographic
score has been divided into four levels. One
value is presented for each subject; being the
highest score from right and left knees. Figure
2 shows the corresponding percentage of
subjects with pain for each level. Although knee
pain is most common in subjects with scores of
> 4, subjects with normal radiographs also
have a relatively high frequency of pain.

Anxiety and depression
Mean HAD score for depression was higher in
those with knee pain compared with those
without pain (4.9, 95%CI 4.6, 5.3 versus 2.9,
95%CI 2.6, 3.1; p<0.005). Values for anxiety
were also significantly higher in the knee pain
positive group (7.1, 95%CI 6.6, 7.6 versus 5.4,
95%CI 5.1, 5.8; p<0.005). Both anxiety and
depression, defined as HAD score >8, oc-
curred significantly more frequently in subjects
with knee pain (fig 3).

Multivariate analysis
Table 2 shows odds ratios (with 95% confi-
dence intervals) for presence of knee pain. In
addition to those variables listed, odds ratios
have been adjusted for age, sex, and body mass
index. Depression, quadriceps strength, activa-
tion, and radiographic score are all associated
with increased odds for knee pain. For quadri-
ceps strength, the association is particularly
apparent for the lowest strength values, with
quadriceps strengths of 10 kgF or less associ-
ated with a 19-fold increase in odds for pain. A
similar result is obtained if radiographic score
is substituted with maximum grade for osteo-
phyte or joint space narrowing. Substituting
worst values with values for right knee and
right quadriceps does not significantly change
the result.

Severity of pain
Table 3 shows the factors associating with
severity of pain (WOMAC pain score). As with
the previous analysis, adjustments have been
made for age, sex, and BMI in addition to those
listed. Depression, quadriceps strength, and
activation are all independently associated with
pain, but radiographic score is not. This
regression explains 42.6% of the variance in
WOMAC pain scores.

DISABILITY

Knee pain positive group
Disability (WOMAC function score >19) in
the knee pain group, was inversely associated
with quadriceps strength (fig 4). The two
strongest MVC levels have been amalgamated
as numbers in these are small when restricted
to knee pain positive subjects.

Table 4 shows the adjusted odds ratios for
presence of disability (WOMAC function score
>19) in the knee pain positive group. Depres-
sion and quadriceps weakness show increased

Table 3 Association of WOMAC pain score with anxiety and depression scores, voluntary
quadriceps strength (MVC), quadriceps activation, and radiographic score. Values are
adjusted for age, sex, and BMI in addition to variables shown using multiple linear
regression. For bilateral variables, the worst value from either limb has been used in analysis

CoeYcient Standard error t p Value

Constant 4.64 2.11
Anxiety 0.04 0.06 0.69 0.49
Depression 0.27 0.07 3.66 <0.005
MVC (kgF) −0.10 0.02 −3.90 <0.005
Activation (%) −0.03 0.01 −3.01 <0.005
Radiographic score 0.15 0.06 2.50 0.13

Degrees of
freedom

Sum of squares Mean squares

Regression 8 1225.67 153.21
Residual 221 1523.03 6.89
Total 229 2748.70

The model has an adjusted r2 of 0.43.

Figure 4 Percentage of knee pain positive subjects with disability (WOMAC function
score >19) by level of quadriceps strength (lowest value for each subject for right or left
knee). Results are presented separately for men aged 60–80 (n=63), men aged 40–59
(n=42), women aged 60–80 (n=109) and women aged 40–59 (n=84).
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odds for disability. Similar results are obtained
if radiographic score is substituted with maxi-
mum grade of osteophyte or with maximum
grade of joint space narrowing. If SF-36 scores

are used to define disability (<55), the result is
again not significantly altered.

Table 5 shows the corresponding results if
disability is treated as a continuous variable.
Factors have been adjusted for age, sex, and
BMI, in addition to the factors presented. This
regression model explains 71.0% of the vari-
ance in WOMAC function scores.

Knee pain negative group
If disability in this group is defined by the
median value for SF-36 physical function
(<90), independent associations with disability
are suggested for quadriceps strength <20 kgF
(odds ratio 4.98, CI 1.08, 22.97 and depres-
sion (odds ratio 8.27, CI 0.91, 83.94) (table 6).

Discussion
We have examined quadriceps strength, quad-
riceps activation, structural change, anxiety
and depression in subjects with and without
knee pain. Quadriceps weakness is strongly
associated with knee pain; this being particu-
larly marked for strengths of 10 kgF or less.
While there have been data on hospital referred
knee osteoarthritis,28 29 there are few similar
reports on knee pain in a community sample.
One study, while not part of its primary
comparison, found strength to be similar in
subjects with and without knee pain.15 Num-
bers, however, were small and values from right
and left limbs were averaged. Patient position-
ing was also diVerent, with subjects reclining
rather than sitting. A more recent study meas-
ured isokinetic rather than isometric strength
and found subjects with symptomatic OA to be
weaker than those with asymptomatic OA.30

Pain during strength testing was not assessed in
our study and could have caused an apparent
reduction in quadriceps strength. As the
relation persisted after correction for incom-
plete activation, such an eVect can be dis-
counted.

This study has demonstrated incomplete
activation in subjects with knee pain. This has
not been assessed before in the community,
though studies have reported incomplete acti-
vation in hospital referred patients with knee
OA.31 32 Pain during strength testing may cause
incomplete activation, as may the presence of
an acute eVusion.18 Pain was not specifically
assessed during measurements in this study,
and being community based very few subjects
had any clinical evidence of eVusion. Even
among the pain free group in our study,
however, incomplete activation was apparent
though less marked. Previous work has demon-
strated an association between structural
change and arthrogenic inhibition in the
absence of pain that may explain the current
findings.33 Incomplete activation may, however,
also occur in “normal” subjects.34 Activation
appears less important when investigated using
multivariate analysis. An association between
activation and psychological outlook has been
suggested from work in fibromyalgia,35 and
may to some extent explain this finding. It is
not possible to diVerentiate between arthrog-
enous muscle inhibition and lack of voluntary

Table 4 Association of disability (WOMAC function score >19) with anxiety, depression,
voluntary quadriceps strength (MVC), quadriceps activation, and radiographic score in
subjects with knee pain. Odds ratios have been calculated using logistic regression and are
adjusted for age, sex, and BMI in addition to the variables shown. For bilateral variables,
the worst value from either limb has been used in analysis

Disability

Odds ratio 95% Confidence intervalsyes (%) no (%)

Anxiety
<8 49 (35.3) 90 (64.7) 1 *
>8 57 (63.3) 33 (36.7) 1.91 0.89, 4.05

Depression
<8 71 (38.0) 116 (62.0) 1 *

>8 35 (83.3) 7 (16.7) 6.15 2.10, 17.98
MVC (kgF)

>30 4 (12.9) 27 (87.1) 1 *
20–30 18 (26.5) 50 (73.6) 1.48 0.37, 5.93
10–20 50 (57.5) 37 (42.5) 4.88 1.18, 20.14
<10 34 (79.1) 9 (20.9) 8.23 1.53, 44.38

Activation (%)
>90 13 (25.5) 38 (74.5) 1 *
71–90 25 (32.1) 53 (67.9) 1.07 0.42, 2.75
<70 68 (68.0) 32 (32.0) 2.81 1.01, 7.80

Radiographic score
0–1 32 (50.8) 31 (49.2) 1
2–3 36 (64.3) 20 (35.7) 0.79 0.29, 2.14
>4 55 (50.0) 55 (50.0) 0.87 0.46, 2.16

*Denotes a significant trend test (p<0.05).

Table 5 Association of WOMAC function score with WOMAC pain scores, anxiety and
depression scores, voluntary quadriceps strength (MVC), quadriceps activation, and
radiographic score in subjects with knee pain. Values are adjusted for age, sex, and BMI in
addition to variables shown using multiple linear regression. For bilateral variables, the
worst value from either limb has been used in analysis

CoeYcient Standard error t p Value

Constant −6.06 0.53 3.23 0.30
WOMAC pain score 0.44 0.20 2.11 <0.005
Anxiety 0.43 0.18 1.17 0.006
Depression 2.15 0.07 −1.62 0.036
MVC (kgF) −0.11 0.02 −2.20 0.11
Activation (%) −0.05 0.16 0.19 0.03
Radiographic score 0.03 5.58 −1.09 0.85

Degrees of
freedom

Sum of squares Mean squares

Regression 9 26494.29 2943.81
Residual 220 10412.49 47.33
Total 229 36906.78

The model has an adjusted r2 of 0.71.

Table 6 Association of disability (SF-36 function score <90) with anxiety, depression,
voluntary quadriceps strength (MVC), quadriceps activation, and radiographic score in
subjects without pain. Odds ratios have been calculated using logistic regression and are
adjusted for age, sex, and BMI in addition to the variables shown. For bilateral variables,
the worst value from either limb has been used in analysis

Disability
Odds
ratio 95% Confidence intervalsyes (%) no (%)

Anxiety
<8 72 (46.5) 83 (53.5) 1
>8 35 (62.5) 21 (37.5) 2.04 0.95, 4.36

Depression
<8 97 (48.5) 101 (51.5) 1 *
>8 10 (90.9) 1 (9.1) 8.27 0.91, 83.94

MVC (kgF)
>40 6 (24.0) 19 (76.0) 1
30–40 19 (43.2) 25 (56.8) 3.04 0.86, 10.71
20–30 46 (54.8) 38 (45.2) 3.77 1.02, 13.91
<20 36 (62.1) 22 (37.9) 4.98 1.08, 22.97

Activation (%)
>90 38 (40.4) 56 (59.6) 1
71–90 46 (57.5) 34 (42.5) 1.57 0.76, 3.24
<70 23 (62.2) 14 (37.8) 1.40 0.51, 3.80

Radiographic score
0–1 44 (48.9) 46 (51.1) 1
2–3 32 (43.2) 42 (56.8) 0.52 0.24, 1.10
>4 31 (66.0) 16 (34.0) 0.90 0.37, 2.22

*Denotes a significant trend test (p<0.05).
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eVort. It is, however, tempting to speculate that
the latter may be important in this study
because of the association with psychological
status.

A proportion of subjects in this study
demonstrated more than 100% quadriceps
activation. It is possible that the technique used
underestimated the degree of incomplete
activation. It may also relate to the relation
between twitch height and activation being
non-linear as has been reported in the
literature.35 This finding was not confined to
the strongest subjects and it seems unlikely to
have had a major impact on the diVerences in
activation between the groups.

The association between psychological fac-
tors and pain has been described in hospital
referred populations.16 This study demon-
strates a similar association in the community.
The findings in terms of radiographic osteoar-
thritic change emphasise the well recognised
disparity with symptoms, because it was only
with higher scores that a strong association
with pain was apparent. The association will,
however, depend on the radiographic tech-
niques used. To maximise the association, the
patellofemoral compartment has been
included,36 and has been imaged using the sky-
line view.37 Although most researchers favour
the use of osteophyte to define osteoarthritis,
the best method for grading severity is less
clear. We used a global score similar to that
used in the Bristol community study,15 but with
a standard atlas.27 Division of global score was
chosen to provide uniform groups with the
exception of grade 0, which was a small group.
It is possible that such division may have
underestimated the importance of structural
change. However, as substitution with grade of
maximum osteophyte and joint space narrow-
ing produced similar results, this seems un-
likely. The lack of association with pain when
examined in a linear model supports this view.

Quadriceps weakness is associated with
disability in subjects with knee pain. This asso-
ciation has been reported previously in a com-
munity sample.15 While the study is not directly
comparable, in that it used a slightly diVerent
method of strength assessment and an alterna-
tive disability questionnaire, the association
appears stronger in the Bristol population. This
discrepancy may, in part, be explained by the
inclusion of quadriceps activation and psycho-
logical factors in the current study. Incomplete
activation is more marked in those with
disability but does not fully explain the
association with strength. Including confound-
ers in the analysis does not weaken the associa-
tion with muscle strength, nor does defining
disability with a less disease specific instrument
(SF-36).

The relations observed in this study cannot
be confirmed as causal. Theoretically, we
believe that quadriceps strength is important in
disability. Severe levels of disability or inactivity
are known to provoke muscle wasting and may
contribute to the decline in strength reported
in elderly populations.10 11 This study popula-
tion, however, were neither all inactive or
elderly. As the quadriceps mechanism is of key

importance in terms of walking, standing, and
using stairs, muscle weakness may directly
cause impaired function. It may also explain
the large increase in odds for disability in those
with particularly weak muscles (<10 kgF).
There is some evidence to suggest that
weakness in the elderly may predate functional
problems12; with improvement seen after mus-
cle strengthening programmes.38 Why people
with knee pain or knee OA should develop
quadriceps weakness is unclear. Structural
change particularly at the patellofemoral com-
partment, may change the biomechanical
relation.39 Alternatively structural change or
inflammation may provoke arthrogenic inhibi-
tion and resultant wasting.40The findings of this
study may have major implications in terms of
the elderly population in general as well as to
those with knee OA. Further work is needed to
elucidate the temporal relation between
strength and pain and disability.

This study in agreement with the Bristol
survey,15 has found no major eVect of radio-
graphic severity on disability. It is possible that
the grading method previously discussed may
have contributed to this though again the con-
sistency of results makes this unlikely. To infer
from this that the underlying pathological
process is unimportant in terms of functioning
of the knee and lower limb, would nevertheless
seem unreasonable. Perhaps current imaging
techniques do not accurately reflect the severity
of structural change. Radiographic features,
while acting as a marker for the presence of
disease, may have little to do with ongoing dis-
ease activity.

Certain caveats may apply to this study.
Selection bias cannot be discounted because
response rates were lower than is often consid-
ered acceptable in a case-control study. For
cases this was largely because of lack of current
pain and hence unavoidable. While eVort was
made to ensure that cases were representative
of the knee pain population, subjects tended to
be older, and hence potentially more disabled
than the knee pain positive population as a
whole. As control subjects were matched by
age, this should not have contributed to
between group diVerences. Refusal to partici-
pate was the main factor for non-recruitment
of controls and, given the need for radiographs
and muscle activation measurement, is perhaps
not surprising. If this unwillingness repre-
sented a diVering state of health to recruited
controls, then bias would be anticipated. The
similarity with respect to disability and obesity,
while only crude indicators, argue against this.
The possibility of bias in radiographic attain-
ment must be considered because 20% did not
have radiographs, and proportionally more of
these were from the control group. Age
representation was similar to subjects who did
have radiographs and this is again unlikely to
have exerted a major eVect.

The analysis of bilateral variables is problem-
atic. Methods previously used, including sum-
mation of radiographic scores and averaging
quadriceps strength, may underestimate the
impact of asymmetrical severity. Analysing
results from one leg alone ignores the possibility

Quadriceps weakness in knee OA 593

http://ard.bmj.com


of a unilateral problem. For this study the worst
value whether right or left was used. Although
this may have overestimated the importance of
these variables, it should not have favoured one
in particular. As single variables such as anxiety
and depression remained important, such an
eVect can probably be discounted. Methods are
now becoming available to deal with bilateral
variables,41 but as the outcome variables of pain
and disability were examined as single variables
in this study, such techniques were not applied.

The transformation of continuous into
categorical data was necessary to meet assump-
tions of the statistical tests, but required more
complex models. The possibility that the
divisions selected may have underestimated the
importance of a particular variable cannot be
discounted. Nevertheless the consistency of
findings makes this unlikely. The definition of
disability using a median value as a cut oV is
clearly arbitrary. As there is no agreed figure for
WOMAC or SF-36 in such a situation, this
definition was chosen to ensure adequate
numbers for logistic modelling. The consist-
ency of results when modelled as a continuous
variable, suggests that the definition did not
significantly underestimate the importance of
the factors examined.

In summary the association of quadriceps
strength with pain and disability in the
community has been confirmed. This associa-
tion remains when adjusted for psychological
factors and muscle activation. Radiographic
severity is weakly associated with pain but not
with disability. These findings may have
important implications for those with knee OA
and knee pain, particularly in terms of
therapeutic and preventative strategies.
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